Abstract Al Hoceima is one of the most seismic active regions in north of Morocco. It is demonstrated by the large seismic episodes reported in seismic catalogs and research studies. However, seismic risk is relatively high due to vulnerable buildings that are either old or don't respect seismic standards. Our aim is to present a study about seismic risk and seismic scenarios for the city of Al Hoceima. The seismic vulnerability of the existing residential buildings was evaluated using the vulnerability index method (Risk-UE). It was chosen to be adapted and applied to the Moroccan constructions for its practicality and simple methodology. A visual inspection of 1102 buildings was carried out to assess the vulnerability factors. As for seismic hazard, it was evaluated in terms of macroseismic intensity for two scenarios (a deterministic and probabilistic scenario). The maps of seismic risk are represented by direct damage on buildings, damage to population and economic cost. According to the results, the main vulnerability index of the city is equal to 0.49 and the seismic risk is estimated as Slight (main damage grade equal to 0.9 for the deterministic scenario and 0.7 for the probabilistic scenario). However, Moderate to heavy damage is expected in areas located in the newer extensions, in both the east and west of the city. Important economic losses and damage to the population are expected in these areas as well. The maps elaborated can be a potential guide to the decision making in the field of seismic risk prevention and mitigation strategies in Al Hoceima.
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Introduction
The Rif region, in north of Morocco, is generally considered as a Moderate seismic zone (Poujol et al. 2014) . It is also recognized as the most seismically active part of Morocco (Cherkaoui et al. 1990; El Alami et al. 1998; Bezzeghoud and Buforn 1999) , and its high level of seismicity makes it one of the most studied active zones in the western Mediterranean (d'Acremont et al. 2014; Tahayt et al. 2009 ). It has experienced several earthquakes, some of them very destructive, as in the case of 1994 (M W = 6.0) and 2004 (M W = 6.4) earthquakes (Woerd et al. 2014) . Also, very recently, a 6.3 magnitude earthquake struck 50 km from Al Hoceima early on Monday January 26, 2016 (USGS), causing some material damage. This seismicity is due to the convergence between the Eurasian and African plates (Casado et al. 2014) . Despite the relatively Moderate activity in the north, some of its existing buildings have a high degree of vulnerability. Therefore, a significant probability of damage can be expected even in the case of not excessively severe earthquakes. Since the 2004 earthquake, seismologists became more interested in seismic hazard in the region (Ait Brahim et al. 2004; Mourabit et al. 2013 ). However, the same cannot be said about seismic vulnerability, which is a relatively new field, to what it hasn't been given the proper attention it deserves, hence the importance of this study. The vulnerability index method (VIM) was used to assess the seismic vulnerability. The method was a part of the Risk-UE project; it has been applied to assess the seismic risk for seven European cities (Barcelona, Bitola, Bucharest, Catania, Nice, Sofia and Thessaloniki) (Mouroux et al. 2004; Pitilakis et al. 2006; Lantada et al. 2010) around the Mediterranean Sea. The choice for this assessing technique is motivated by its simplified methodology which allows considering numerous uncertainties. In fact, it defines the seismic action in terms of macroseismic intensity, the seismic resistance of buildings in terms of a vulnerability index, and it considers five non-null damage states. Moreover, both the deterministic and probabilistic scenarios have been considered, including soil effects. The deterministic scenario refers to the 2004 earthquake that struck the northern region of Morocco as a reference earthquake, while the probabilistic scenario has a probability of exceedance of 10 % in 50 years (R.P.S. 2000, Version 2011).
The goal of our study is to elaborate seismic risk maps, based on the seismic hazard assessment in terms of intensity and defined by both scenarios and the seismic vulnerability of the studied buildings. The seismic risk is represented by the distribution of the expected damage grade in the city, as well as the estimated number of homeless people and the economic losses in each area of Al Hoceima (Fig. 1 ).
The city of Al Hoceima
The city of Al Hoceima is located in the Rif Mountains, northeast of Morocco (Mediterranean Sea) ( Fig. 2 ) with a terrain characterized by a slope going from 10 to 40 %. According to the official statistics of 2014 (RGPH 2014) , the city counts 56,666 citizens (13,770 inhabitants per square kilometer) and 11,554 residential buildings. It is also worth mentioning that the population of the city triples in the summer. On the night of February 24, 2004, an earthquake, 6.4 of moment magnitude, struck the city and the surrounding communities (Woerd et al. 2014) , causing 629 fatalities, 966 injuries, 2539 destroyed and damaged houses and 15,600 homeless (Tahayt et al. 2009 ). Most damage was observed in rural areas (Faradi 2004; Corella 2004; Poujol et al. 2014; Goula and Gonzalez 2004) .
For the purposes of this study, the city was subdivided into sections according to several factors; for instance, district limits, building classes (residential, commercial, etc.) and other factors of building construction (Fig. 3a) . Each section is represented by a pattern of buildings which typifies the main similar characteristics of the construction area. Due to limited resources, some areas have been focused on more than others. The priority has been given to the downtown area, since it is the most populated. Figure 3b shows the study level of each section represented by the percentage of the studied buildings. 
Residential buildings
Al Hoceima is a newly established city (twentieth century); this is justified by the absence of a Medina (an old downtown) and the fact that most of the buildings are reinforced concrete structures. As most cities, Al Hoceima has a city center surrounded by residential districts. The city center is relatively the oldest quarter in the city and its buildings aren't similar, since there are many reconstruction sites in these areas. In fact, many new buildings designed with the latest seismic code standards are situated close to old constructions lacking the basic standards of construction. Extensions were built after 2004 in the southeastern and western part of the city, for instance Bades, which is the newest neighborhood destined for tourism, and the southern part of the Mirador Bas and Mirador Haut districts, which can be described as poor neighborhoods with carelessly built constructions (Fig. 4 ). For these two neighborhoods, it can be noted that reinforced concrete irregular frames constitute mainly the framework of encountered constructions, a steep slope characterizes the ground and, finally, the absence of respect to the current construction rules. Unlike the city center, the buildings in the new neighborhoods are generally of the same type. One type of housing prevails in the city, and it is the modern Moroccan house (RGPH 2004) . The latter is often a reinforced concrete structure with two to three floors (Fig. 5) . Construction standards in the Rif region have experienced changes depending on two major events: (Coburn and Spence 2002) . The studies and investigations in site led to elaborate the first seismic standard, namely ''Agadir Standard''. However, without a proper seismic code, Moroccan construction has been greatly affected by this standard. 2. The 1994 earthquake in Al Hoceima: A violent earthquake (M w = 6.0) struck the region of Al Hoceima killing three people and causing extensive damage (Akoglu et al. 2006; RMSI 2012) . After the earthquake, constructive measures have been taken to protect buildings in the Rif region; they were inspired by the PS92 and BAEL 91. These decisions were applied after 1994 in the area and, subsequently, contributed in elaborating the first national seismic code R.P.S. 2000.
Thus, three code levels have been defined following the construction periods (Table 1) . The direct relation between the period of construction and the code level is valid for most districts except for Mirador Bas and Mirador Haut, since the two neighborhoods have been recently built (after 2004) but don't respect the latest codes of construction. The data collected represent 1102 buildings, which is around 10 % of the total households in the city. The information gathered is centered on the geometry and the structural nature of the buildings as well as the location of the unit compared to the adjacent buildings.
4 Seismic action assessment in terms of intensity for Al Hoceima
Deterministic and probabilistic scenarios
In this study, the seismic action has been estimated in terms of macroseismic intensity using a deterministic and a probabilistic scenario. Given the small size of the city, the macroseismic intensity at the basement is considered to be constant all over the city for both scenarios. The deterministic scenario refers to a reference earthquake chosen as the closest one to the site with the highest epicentral intensity. In this case, the reference earthquake is the one that struck the city on February 24, 2004, with an epicentral intensity of IX and the expected intensity for the city of Al Hoceima is VIII (Cherkaoui and El Hassani 2012) . The event occurred at an epicentral distance less than 10 km from the city and has been assigned a depth between 6 and 10 km (Woerd et al. 2014 ).
The probabilistic seismic hazard in terms of intensity has been addressed before by the RMSI (Risk Management Solutions Inc.) in 2012. According to the results, the city of Al Hoceima is expected to be affected by an intensity of VII-VIII and an equivalent peak ground acceleration of 0.253 g for a return period of 475 years (a probability of exceedance of 10 % in 50 years). According to the seismic regulations of Morocco (R.P.S. 2000, Version 2011), the expected acceleration for a return period of 475 is 0.18 g which is inferior to the one estimated by the RMSI report.
Seismic scenarios with soil effects
Several approaches are used for the assessment of soil effects. A good method would be to construct a site-dependent scenario ground motion map and to identify zones prone to seismically induced slope failure and liquefaction. To this end, a suitable geotechnical zonation of the urban area is needed (Faccioli 2006) .
Due to the lack of geotechnical data on the region, a lithological map was used (Fig. 6a) . The study area is situated within the eastern part of the Rif intermountain belt and is dominated by geological formations of the inner domain characterized by carbonated rocks (calcareous and dolomites), and these are overlain in part by Paleozoic terrains (Ghomarides) (Talhaoui et al. 2008) . Based on the analysis of surface geological formations, a map of different types of soils was compiled (Fig. 6b) . The sites were classified into four main categories, zone A, B and C corresponding, respectively, to: compacted materials, semi-compacted materials and noncohesive materials in addition to hard rock (R) ( Table 2 ).
The intensity is implemented depending on the type of soil. The increments are calculated by empirical methods (Secanell 1999; Bard 1997) . This way for introducing soil effects in terms of intensity was also recommended within the Risk-UE project (Faccioli 2006) in case geotechnical data in not available. For soil types R and A, no increment in intensity is applied, while for soil types B and C an increment in intensity of 0.5°was applied to construct the intensity map with soil effects. Figure 7a shows the map for deterministic seismic hazard with soil effects in terms of intensity for the city of Al Hoceima, while Fig. 7b presents the map for the probabilistic seismic hazard for a return period of 475 years including soil effects for the city of Al Hoceima. As can be seen from the figures, the deterministic scenario's intensity is slightly higher than the one expected from the probabilistic scenario. As for the terrain affected by soil effect, it represents only 7 % of the total surface of the city.
Seismic risk assessment using the vulnerability index method
The vulnerability index method (VIM), as proposed in the Risk-UE project (Giovinazzi and Lagomarsino 2002) , is used in this work. This method was formerly proposed by Benedetti and Petrini (1984) and is based on the European Macroseismic Scale (Grünthal 1998 ). It has advantages over similar statistical methods (ATC-13 1985; Grünthal 1998), because it focuses on the differences among constructions that have the same structural build. The most important parameters affecting the seismic strength of the buildings are given weighted coefficients quantifying their relative importance. The method requires the seismic action to be interpreted in terms of macroseismic intensity and the structural resistance of the buildings as a vulnerability index taking values going from 0 (least vulnerable building) to 1 (most vulnerable building).
This method provides a typological classification system (Giovinazzi and Lagomarsino 2002) in order to group structures with a similar seismic performance V I class (Table 3) , then adds behavior modifiers to evaluate a final vulnerability index of each building V I building , according to equation below (Milutinoviç and Trendafiloski 2003) :
where V class I is the vulnerability index corresponding to the class of the building, DM R is a regional modifier which takes into account the characteristics of the region or building period, and lastly, Vm j are behavior modifiers that include other aspects that affect the seismic performance of the building.
In the case of Al Hoceima, the regional modifier was taken equal to zero. The adaptation of the VIM was sequenced around defining the code level according to the main construction periods.
Two kinds of behavior modifiers are defined, building modifiers and location modifiers (Table 4 ). The building modifiers take into account the characteristics of the building isolated from its vicinity, like the state of preservation, number of floors, horizontal and vertical irregularities, whereas the location modifiers study the building in its environment, for instance, aggregate buildings and soil morphology (Milutinoviç and Trendafiloski 2003) . Concerning damage, the Risk-UE VIM version uses five non-null damage states; Slight, Moderate, Substantial to Heavy, Very Heavy and Destruction (Grünthal 1998) . A mean damage grade l D is introduced to characterize the expected damage for a building, for a given vulnerability (V I ) and intensity (I) by the following equation:
where / is the ductility index, which is evaluated taking into account the building typology and its constructive features (Lagomarsino and Giovinazzi 2006) . For residential buildings, it takes a value of 2.3 (Lantada et al. 2010) . A weighted mean damage index, DS m , can be calculated by using the following equation (Milutinoviç and Trendafiloski 2003) : where the integer k takes values from 0 to 5 for the damage states k considered in the analysis and P[DS k ] represents the corresponding probabilities of occurrence for the damage state k. The damage distribution is calculated using the beta distribution. Probability density function:
Cumulative density function:
The discrete beta density probability function is calculated from the probabilities associated with damage grades k and k ? 1 (k = 0, 1, 2, 3, 4, 5), as follows: The fragility curve defining the probability of reaching or exceeding certain damage grade is obtained directly from the cumulative probability beta distribution as follows:
It can be considered that DS m is close to the most likely damage state of the structure. This damage index is equivalent to the mean damage grade, l D , and it is useful for mapping and analyzing damage distributions by using a single parameter.
Seismic vulnerability of the city of Al Hoceima
All the available data have been collected and integrated into a spreadsheet program and then introduced in a geographic information system, which allowed performing a building analysis. Display of results has been compiled using the previously mentioned subdivision of the urban area (Fig. 3) , in order to allow clearer and more coherent results.
The majority of the buildings in the city of Al Hoceima are constructed with reinforced concrete, since the city is newly established. The residential buildings are, in most cases, moment frame constructions with two to three floors and have a ground surface ranging from 100 to 150 m 2 . Three main building typologies are distinguished, all in reinforced concrete: structures with reinforced concrete moment frame, regular reinforced concrete structure with masonry infill walls and irregular moment frame structures. These typologies correlate, respectively, with RC1, RC3.1 and RC3.2 in the building typology matrix proposed by Lungu et al. (2001) (Table 3) .
The results following the buildings inspection (Table 5) show that each building class has a predominant code level. This is related to the changes in construction habits and laws in each main period (before 1960, between 1961 and 1994, after 1995) .
The VIM was favored over vulnerability curve methods like HAZUS (1999) and LM2 (Milutinoviç and Trendafiloski 2003) , because it focuses on the differences among constructions that belong to the same building type. While a vulnerability curve represents one class of building with a code level, it doesn't take into account the different behavior modifiers related to the building and its location (Table 4) . Particularly, in the case of Al Hoceima, vulnerability factors have a significant presence (Fig. 8) . In order to showcase the importance of modifiers, we compared the vulnerability index taking into account only the class and code level (V LC , V MC and V HC ), with the vulnerability indices of the studied buildings (Fig. 9) . As can be seen, the difference in values is significant, especially in low code, where increments in behavior modifiers become more punishing.
The vulnerability index takes values ranging from 0.2 to 0.9 for the studied buildings, with a mean value of 0.49. Values of V I for the different sections in the city are shown in 6 Seismic risk scenarios for the city of Al Hoceima
Physic direct damage
Concerning the mean damage grade, it almost follows the distribution of the vulnerability index in Fig. 10 , since soil effect is present in small areas of the city (equivalent of 7 % of the total surface). Figure 11 shows values of damage according to both deterministic and probabilistic scenarios, and no large differences are noticed between both. The values of physical damage are ranging from 0.17 to 3.07 for the deterministic scenario and 0.11 to 2.54 for the probabilistic one, with mean values of 0.96 and 0.7, respectively. This corresponds in both cases to a Slight damage state according to Table 6 . Also in this case, the highest damage is expected in the southern neighborhoods of Mirador Bas and Mirador Haut districts, with mean values of 2.6 and 2.44 for the deterministic scenario and 2.06 and 1.91 for the probabilistic one. These values correspond to a Moderate damage expected in these regions, except the physical damage in the case of Mirador Bas according to the deterministic scenario, which is Substantial to Heavy. The damage distribution shows that there is possibility of Very Heavy damage on buildings in some districts (Figs. 12, 13) , especially in Mirador Bas, Mirador Haut and Morobikho, which are the most affected regions in the city.
Damage to population
According to Coburn and Spence (2002) , deaths and injuries may occur if a building has collapsed, which isn't the case in the city of Al Hoceima based on this study. Therefore, there are no casualties expected for both scenarios. However, the number of people that must be relocated due to uninhabitable buildings is an important part in disaster management and should be focused on. The methodology that has been applied is based on HAZUS (1999), and it considers the 100 % of residential units located in buildings that are in the Very Heavy and Destruction damage state and the 90 % that are in Substantial to Heavy damaged structures to be uninhabitable. The total number of uninhabitable residential units due to structural damage is computed by the following relationship:
with U MF being the total number of multi-family residential units, %H MF , %VH MF and %D MF the damage state probability for Substantial to Heavy, Very Heavy and Destruction structural damage state, respectively, in the multi-family residential occupancy class. The total number of persons relocated from each building with a typology (P UNU ) is obtained with the following relation:
where P h is the number of persons who are assumed to live in each household of the building. According to the (RGPH 2004) , an average of five persons per household are estimated for the city. The numbers of homeless people that are expected in both the deterministic and probabilistic scenarios is displayed in Fig. 14 . The total number of homeless people expected in both scenarios is 1991 and 117, respectively. The big difference between the two results is due to the fact that the damage exceeded the ''Substantial to Heavy'' limit in the deterministic scenario. It is also worth mentioning that 76 % of the homeless are located in Mirador Bas and Mirador Haut areas for the deterministic scenario and 95 % of the homeless for the probabilistic one, while the two latter districts represent only 8 % of the total area of Al Hoceima.
Economic cost
The economic cost is estimated as the present restoration cost of the damaged buildings. This value is estimated by reconstructing the building with reinforced concrete without 
where S Cost is the sum of the CS(k) repair costs due to the damage state k (damage state 1 none is not considered since there is no induced cost); V C is the cost per unit area (m 2 ); Area is the building area; PS(k, j) is the probability for the building j to be in the damage state k; and RC(k, j) is the repair value due to the damage state k for the building j; RC(k, j) is given as a percentage of the reposition cost per square meter according to Table 7 . AUTh loss indices have been used in this study since damages in case of Slight and Moderate are easily repaired and don't require great expenses.
V c includes the construction cost of the building and the cost of furniture, and it's en calculated using the following equation: Fig. 15 Distribution of economic cost for each section for a the deterministic seismic hazard scenario and b the probabilistic seismic hazard scenario Nat Hazards (2017) 85:329-347 343 where GL C is the construction cost of the ground level of a reinforced concrete building, F C is the construction cost of a floor other than the ground level, M C is the cost of residential building contents, and n is the number of floors. A reasonable value of GL C for a residential building is 150 €/m 2 according to the Moroccan construction market, while M C is given a value of 28 €/m 2 . Figure 15 shows the economic cost in thousands of Euros for each section in the city, caused by the deterministic and probabilistic earthquake hazard scenarios. The total economic cost for the city is 5.6 millions of Euros in case of the deterministic scenario and 5.1 millions of Euros in case of the probabilistic scenario.
Discussion and conclusions
The seismic risk assessment has been performed for the city of Al Hoceima using the VIM version, as proposed in the framework of the Risk-UE project. The seismic hazard assessment and the seismic vulnerability assessment allowed estimating the distribution of the expected damage caused by the considered seismic scenarios. The data gathered for this study allowed an acceptable assessment of the vulnerability indices of the buildings. However, the study might benefit from more data collection, particularly around areas that haven't been well studied as is previously shown in Fig. 3b . Seismic hazard has been assessed by means of macroseismic intensity, considering both the deterministic and probabilistic scenarios, including soil effects. The intensity ranges from VIII to IX for the deterministic scenario, while it varies from VII to VIII for the probabilistic scenario.
The risk assessment in the city has been performed, using the seismic hazard scenarios. The results show that for a city that is often threatened by earthquakes, the damage expected is Slight, since Al Hoceima is not exposed to soils effects and most of the buildings (especially the ones built before 2004) have low vulnerability indices. However, the highest damage (Substantial to Heavy) is expected in newly established neighborhoods, which is uncommon. As a matter of fact, if the 2004 earthquake were to strike the city in 2016, the damage would probably be more important. The city doesn't have any adequate lands for construction left; therefore, local people are building their homes in inappropriate spots threatened mostly by slopes, with minimal consideration for the seismic standards of construction.
This method has proven to be a simple statistical tool for evaluating the vulnerability of residential buildings and assessing seismic risk when limited information is available. However, validation of results is crucial, and it is a major issue for earthquake scenarios because of the great uncertainties involved. The best validation test is the occurrence of the simulated earthquake scenario; this would prove the similarities between the simulation and the observed damage and validate both the method used and the quality of the data.
According to damage reports of the 2004 earthquake (Faradi 2004; Corella 2004; Poujol et al. 2014; Goula and Gonzalez 2004) , Al Hoceima was not affected by the earthquake and the majority of these buildings have withstood the shocks. The number of buildings affected by the earthquake remains insignificant at the urban area of Al Hoceima. However, in Al Menzah district, there were some cracks in partitions and openings in corner buildings, particularly those built on sloping ground (Faradi 2004) . In this case, the simulated earthquake scenarios occur 12 years after the 2004 earthquake. If the new expansions and neighborhoods (western and southeastern part of the city) that have been constructed after 2004 are excluded from the scenarios, the results would concur with the real damage that occurred in the aftermath of the 2004 earthquake. Moreover, seismic vulnerability results based on this study concur with past studies in the city, using the EMS98 (Louhibi et al. 2013) . For these reasons, the risk scenarios developed in this paper are considered to be reliable.
The results of this study represent a potential guide for earthquake protection and risk management in the city, as well as a powerful tool in urban development. It is worth noting that the original results described in this paper, together with the complete and detailed technical information concerning the expected damage, loss of property and damage to population, will be delivered to the civil protection services of the municipality of Al Hoceima who will be using them for updating the emergency plans of the city.
